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BAtXOIAl 1DTI80HT  OOMMIXTM JOB AMOIAUTIO 

ADYANCE  BESTRICTED  HSPOBT 

ILIttHT   IKVSSTIGAIIOH   07   HACA.     S,     COWLIFGS   ON  THE 

XP-42  AIjtPLAlIt.      IV -   EIGE-I«I£7-VELOCITY   COWLING 

MSTBD   Ii.'   CLIH3  WITH   AND  WITHOVT   PB0P£LL5R   CUFFS  ASS 

iv HICH-SPSEB uvai ILISKS WITHOUT PBOPiLLER CUP'S 

By  J.   Ford  Johnston and T.   J.   Yoglewede 

8UUMABT 

Hesulta  are presented  of  flight   ueasurements  of  the 
performance  and  cooling  chnract Bristles   of  a   short-nose 
high-iulet-velocity   cowling,  on  the  XP-42   airplane  for  con- 
ditions   3f   climb with  pud  without   propeller   cuffs and  for 
high   s°oed  witnjut   cn'fs.     This   cowlir.£,   is  one   of  a   aeries 
being   tested  at   LiiAL. 

The  airolane   s?e.>d was  popruxiroaiely  1  mile per  hour 
greater wit..vat   propeller  enffa tl.an the previously meas- 
ured  value  with  cuffs.      The   '.res'ire   recovery   on  the  front 
of  the   en*::ny  overawed  0.74  nirDlp.no   lupact   pressure  at 
high   spcei  Tirho'it   caffn  as  co.jprr«.d with 0.8G   airolnne 
ltipact   or9ssure with  cuffs. 

la full-power  clir.l,,   at   140- L-.ilea- per- hour   indicated 
airspeed,   toe  pressure   recoveries  avers*ed  0.70   impact 
pressure  with cuffs  and 0.60   impact  pressure  without   cuffs. 

Oil-in and   spirit-plug-el tow  temperatures  were  critical 
in the ground run without  cuffs* 

ISTBODUCTIOV 

The  NACA  is  conducting an  extensive  flight   investiga- 
tion of  several  types of cowling for radial  aircraft  en- 
gines.     The  conditions   so  far   investigated  are  fclvon as 
follows: 

J 
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Test Type   of  cowling  and  flight   condition 

1 Lo.ig-nose  hlf ]•- inlet-veloc lty   co"'llng  with propeller 
cuffs and   Email  cowl  flaps;   high   speed 

2 Lo.':b-nuse  higi.-inlet-veloc ity   cowling  -,-ith  cuffs 
and  modified  cowl   flaps;   climb 

& Short-nose  hl;.i.- ialut-veioc it;.   covrling  \7lth  cuffs 
riid   snail   cowl  flaps;   high  r.peod 

4 iiiTt-ocje   lo.v- inlet-velocity   cowli:.f  tith   sDlnner- 
mounted  axial-flow  fnn,   cuff  1.   and   small   cowl 
flaps;   hi^n  speed 

lort-nase   IOT-inlet-velocity   conli..^  wlti*  fan, 
cuff   1  and  modified   corl  flaps;   climb 

s   In  test   4,   cuff   1   except   with  modified  coul 
flaps:   high   speed 

s   in test   6.   uut  with  baffle   seal   strips at   base 
cf  cylinders  removed;   hibh  speed      ' 

hart-nose   low-inlet-velocity   cotrli.»g  with  fan 
o..i;. ;   high   soeed 

S   in  teit   6;   climb 

hort-nsse   Ion-inlet-velocity   cowling  without   inn 
or  cuffs;   climb 

s   la  test   10;   high  speed 

hert-uose   low- inlet-velocity   cr.;ii..     with  cut'.'   1, 
without   fan;   high  speed 

s   la  tbst   12;   climb 

hort-nose   low-inl<.t-vdocity   covllng  with cuff  2, 
without   fan;   climb 

3   In  test   14;   ni.n   spwd 

hort-nose  hibh-inlet-velocity   cowling  with propel- 
ler  cuffs;   climb 

hort-uose  high-inlet-velocity   coaling  without 
CU.'I'B;   climb 

ihort-uose  high-inlet-veloc ity  ccv/linc without 
cuffs;   high   speed 

5 V 

6 Ai 

7 Ai 

b SI 

S A 

1C Si 

11 A 

12 s: 

lo A 

14 SI 

lb A 

16 S 

IdA S 

luB S 
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Where not otherwise noted, the tests were made cith 
the modified curl flaps. 

She results of teite 1 and 2 are reported In refer- 
ence 1.  The results of teat <5 are presented In reference 
2; of tests 4 to 7, in reference 3; and of tests 8 to lb, 
In reference 4. 

The uresent paper covera the results of tests 16, 16A, 
and 16B.  In conjunction with reference 2, it represents a 
completion of the investigation contemplated for the short- 
nose  (Lg)  hlf;u-inlet-velocity cowling. 

The design of the cowling and engine installation waa 
a project of the Air-Cooled Engine- Installation ilrcun sta- 
tionod a: the Laboratory.  The nortioi. of this group asso- 
ciated witu this project includud Mr. Howard S. kitsch, of 
the C"rt i 3s-Krl.-;l.t Corporation, Mr. Peter Torraco, of the 
Republic Aviation Corporation, Ur. William S. Bichnrds, of 
the Writht Aeionautical Corporation, and Sir. Jamea P.. 
Thoinv>BOi., of Pratt & .V! itne; Aircraft.  The Materiel Command, 
Arty Air Torcen. sponsored the i ,.v>. jt it.- t i oc.  and suoiHed 
the XP- 42 cirplane.  The airplane division of the Curtiss- 
Wrlght Corojretion hqnaied the const ruction as well as the 
structural and detail aesijn of the cowling and supplied 
personnel to assist in the servicing and uiaintenance of the 
airplane and cabling during the tests.  Pratt & Whitney 
Aircraft prepared the engine and tcrque meter for tee tests 
and assisted i r. the operation and servicing of the engine. 
The propeller, cuff•, and spinner were auoplled by tne pro- 
peller division c" the Curticr-Wright Corporation. 

This past* was or it4, r.aliy issued as a memorandum re- 
port for Aii.. Air Forces, Materiol Command. 

XP-42 AIEPLANS WITH SKOHT- K0S3 HIOH- INLET- TELOCITY COWLIHG 

The airplane, engine, and cowling were the same as 
described, in ruference 2 except that the cowl skirt had 
been cut for the addition of extra cowl flaps, of which 
the position could be changed on the ground only.  The 
airplano with the modified cowl flaps fixed open is shown 
In figure 1. 
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TEST APPARATUS AND PROCEDURE 

The installation of the test equipment was described 
la reference 2.  The method used for making the climb 
cooling tests was the same as described in references «3 
and 4.  for too cowling with cuffs, full-power climbs were 
made at Indicated airspeeds of lot and 140 miles per hour 
in automatic rich aud at 140 miles ner hour in full rich. 
Tor the co~ii.it, without cuffai the climbs were limited to 
one at lob miles per hour in automatic rich and one at 140 
miles per hour in full rich. 

The hlbh-Bpced tests were conducted ns described in 
reference 2 aud ground cooling testst as described in 
reference 4. 

SYMBOLS 

bhp  brBko horsepower 

c    density ratio 

propulsive efficiency 

ring area, souare feet 

dreg coefficient 

Tl 

S 

CD 

P observed pressure above free-stream static nressure, 
inches of water 

airplane lmuact pressure, inches of water 

RESULTS 

The data obtained curing tne high-speed runs and dur- 
ing the climbs are presented in tables I and II. In addi- 
tion, the chief climb-test data are shown in figures 2 and 
3 in the form of time histories of the cii-ios. 

It will be noted that all temperature data for the 
IbS-milo-per-hour climb with cuffs (flight 16-1) are miss- 
ing.  Analysis of the data from this flight indicated that 
cold-Junction temperatures had not stabilised and that tem- 
peratures were uncertain within a range of about 15c t. 

i^. 
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k  leak In on* of the 12 pressure-selector switches 
invalidated some of the engine cooling-air pressure data, 
as Indicated by omissions In table 1(a). 

DISCUSSIOH 

Maximum Speed 

The valves of 
the full-t.irott ie 
against density al 

maximum speed and power observed during 
level runt without cuffs are plotted 
titude in figure 4.  The figure also In- 

cludes the perametera bhjo. 

effective power, and  52 

representative of the 

1/3 
, representative of the 

airplane cleanness 
The product of the 
airplane. The Ins 
parameter of alrpl 
highest speed at a 

• as explained In referencee 1 and 2. 
ae two parameters la the eoeed of the 
tallatlon having the hi, nest value Of the 
ana cleanness will evidently have the 
given power and altitude. 

It waa shown In reference 3 that the installation of 
the modified cowl flaps in the closed position caused an 
lncreaae of form drag, resulting In a decrease of approx- 
imately two-thirds of 1 percent In the parameter 

/  vi's 
52.73 Vc This lncraas* In drag is attributed to 

thirds of 1 percent the valuaa of epeed and  58.73 

air leakage around the modified flape and would not be 
present In a well-deeigned flap Installation.  Hence, for 
comparison with the results of previous teats with the 
original cowl flape, it la desirable to increase by two- 

\Pv*J 
observed In the present testa.  Taluee oorrected In this 
way are shown by the dashed linea of figure 4.  Comparison 
of the oorrected value of the cleannaaa factor with that 
obtained from reference 2 for the cowling with cuffs shows 
an Increase of approximately one-third of 1 percent, or 
1 mile per hour, due to removal of the cuffs. 
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Prenurei and Temperatures 

The ccollug-alr pressures on tha front of the angina 
In full-porer level flight without cuffs araragad approx- 
imately 0.74qc at compared with 0.80qc with cuffa for tha 
aama loeatlona of pressure measurement.  Tha distrirations 
of the cooling-air pressures for aaeh caae are ahown In 
figure 5.  Ii:e preiaure distributions for the cowling with 
cuffs are taken frost reference It  It la evident from thla 
figure t.iat the pattern of pressure distribution la the' 
ease In either caae except for slight dissimilarIt lea be- 
hind the engine result lng from the change in cowl 1'lupe- 

The distributions of coollng-alr pressures for the 
full-power-cliab condition are shown In figure 6, In which 
the points are taken from individual runs in the 140-mlle- 
per-hour elUba at approximately 16,000 feet.  Here, again, 
there is no apparent change In distribution due to the cuffa* 

It la to be noted, particularly, that either with or 
without sui'fi. the pressure recovery on tha front of tha 
angina in climb waa laaa than that observed for the hi&h- 
apeed condition.  For the runs plotted In figure 6, the 
proaaure recovery waa 0.70a,e with cufi's and 0.59qc wlthaut 
cutfs.  The pressure loaa between tha survey In tha annului 
and the front of the engine depends upon the air flow,  for 
thla reason, the loss through tha annulua, in terms of  qQ, 
la higher in the climb condition.  When cuffs are used, 
thla Increased pressure loaa la usually more than offset by 
tho Increased cuff loading at the lower velocity.  In the 
present case, however, although the cuffs caused high pres- 
sures In the carburetor and oil-cooler scoopai the presjure 
Increment at the annulus waa comparatively small.  Tha 
boundary layer on tha spinner la believed to have blanketed 
an appreciable part of the narrow annular opening.  Thla 
condition resulted In an energy absorption from the Incom- 
ing air and a consequent pressure loaa at the inlet.  Fur- 
ther proeauro losses were Introduced by gap a between the 
aplnner and the root a of the cuffa.  At tha low-pitch 
anglae for climb, the gape between the aplnner and the 
trailing edbes of the cuffa extended almost halfway acroaa 
the annular opening. 

Typical uistributloi-a of the cylinder head and barrel 
temperatures are ahown In figure 7 for the high-speed level- 
flight condition without cuffs and in figures 8 and 9 for 
the climb condition with and without cuffs*  The teiuperature- 
dlstrlbutlon patterns are evidently similar and bear little 
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apparent relation to the coollne-alr pressure-distribution 
pattern*.  The engine temperaturea obaervod during these 
teata are of donbtful significance since the pilot reported 
rough engine operation at and near full throttle and the 
power developed, especially during the climbs, wae rela- 
tively low. 

ftround Cooling 
e 

Representative  temperatures  observed  during the ground- 
cooling tests are  shown on figure  10 for  the run with cuffs 
and on figure 11 for the run without cuffs*     It  Is apparent 
that  the use of  cuffs materially reduces the  engine and 
accessory  teiiipsr<--tures*     The  difference   In cooling  Is prob- 
ably  greater than is  Indicated  since excessive  Indicated 
oll-ln temperatures caused the  operator to throttle back to 
Idling  only   b minutes after the   start  of  the run without 
cuffsi  when cylinder  temperatures had not yet   stabilised. 
Under  t;ese  conditional   only the oll-ln temperature  exceeded 
the Army  limit,   but   it   la probable that  the  spark-plug elbow 
would alao have gone  over the Army  limit  after cut-off  If 
the  engine  bad  been run at   1400  rpm for the  full  10  minutes. 
Of  the  six elbows for which temperatures were recorded,   the 
front   elbow  of  cylinder  11 and the  rear elbow of  cylinder  1 
reached the  same maximum of 315° F during tha run without 
cuffs.     Tha  rear  elbow was hottest  during  the  Idling period 
and the front  elbow wae hotteat after cut-off. 

Cylinder head and barrel temperatures did not  closely 
approach their  limits  In either test. 

CONCLUSIONS 

1. The maximum  speed  of  the  XP-42  airplane with  tho 
short-nose hlgh-lnlet-veloclty  cowling was  about   1 mile 
per hour greater without propeller cuffe than with the  cuff a. 

2. The  cooling-air preesure  recoveries  on  the  front   of 
the engine   in full-power climb at  140-mlles-per-hour  Indi- 
cated alrspee'l averaged about  70 percent  of airplane  impact 
pressure with cuffe and  60 percent without  cuffs.     The  cor- 
responding pressure recoveries  In high-speed level  flight 
were 80 vercent and 74 percent  airplane  impact preesure. 

Langley  Memorial  Aeronautical   Laboratory, 
national Advisory  Comuittee for Aeronautics. 

Langley  Field,   Ta. 
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